A polyphasic approach was used to characterize a Gram-staining negative bacterium (designated strain CC-YHH650 T )
The genus Filimonas is a member of the family Chitinophagaceae in the phylum Bacteroidetes [1] . Filimonas species were proposed and emended as Gram-negative, strictly aerobic, non-spore-forming, non-flagellated, gliding, may or may not produce flexirubin. Species of Filimonas are positive for oxidase and catalase activities but negative for nitrate reduction. The primary polar lipids are phosphatidylethanolamine and some unknown lipids. The major polyamine is sym-homospermidine. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The major respiratory quinone is menaquinone-7 (MK-7) and the DNA G+C contents are 38.3-46.6 mol% [1, 2] . At the time of writing, the genus Filimonas included four species with validly published names: Filimonas lacunae [1] , F. aurantiibacter [2] , F. endophytica [3] and F. zeae [4] , which were isolated from freshwater and from plant root.
We investigated the bacterial diversity of agarwood, which is valued in many cultures for its distinctive fragrance, and thus is used for incense and perfumes. The sample was collected in Nantou County, Taiwan (24 05¢ 51 .6¢ N 120 51¢ 22.4¢ E), and stored in the dark in a sweatbox. After returning to our laboratory, the sample was surface sterilized with 75 % alcohol, ground and used to isolate bacterial strains through standard serial dilution-plating technique in 0.85 % NaCl (w/v); the suspension was placed on nutrient agar (NA; HiMedia) and incubated at 30 C for 2 days. Multiple colonies were isolated and identified by 16S rRNA gene sequencing. Based on the 16S rRNA gene sequence, one strain, designated CC-YHH650
T , appeared to represent a novel species of the genus Filimonas. Strain CC-YHH650 T was routinely grown aerobically on NA at 30 C for 2 days and stored at -80 C in nutrient broth (NB; HiMedia) supplemented with 30 % (v/v) glycerol for long-term preservation. The present study was carried out to clarify the taxonomic status of a presumably novel bacterium by using polyphasic taxonomic methods, including 16S rRNA gene sequence analysis, and physiological, biochemical and chemotaxonomic analyses. For direct comparative taxonomy, the reference strains for this study were F. lacunae YT21 T , F. endophytica SR 2-06 T , F. zeae 772 T and F. aurantiibacter 1458 T , which were obtained from Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Japan Collection of Microorganisms (JCM), and ARS Culture Collection (NRRL), and used for direct comparative taxonomic analysis. All these reference strains were grown on NA at 30 C for 2 days, unless specified otherwise.
A commercial DNA extraction kit (Mo Bio UltraClean) was used to extract the genomic DNA for 16S rRNA gene amplification, DNA/DNA hybridization and the determination of G+C content. The PCR was performed with bacterial universal primers 8F and 1541R [5] . Gene cycle sequencing was performed by using the BigDye terminator kit [6] and ABI 3730 Genetic Analyzer (Applied Biosystems). DNA fragments encoding the 16S rRNA gene were assembled using Vector NTI 9.0 software (IBI) and deposited in the GenBank database using the Sequin software tool. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net; [7] ) on the basis of 16S rRNA gene sequence data. Closely related 16S rRNA gene sequences were retrieved from the EzTaxon-e server and GenBank database and aligned by using the CLUSTAL_X (1.83) program [8] . Phylogenetic analysis was performed with MEGA6 software (Molecular Evolutionary Genetics Analysis, version 6.0; [9] ) by using the Kimura two-parameter model, and reconstructed by using 16S rRNA gene sequences with neighbour-joining [10] , maximum-likelihood [11] and maximum-parsimony [12] methods. An evolutionary distance matrix was calculated using the correction of Jukes and Cantor [13] and evaluated by bootstrap analyses [14] after 1000 replications. The neighbour-joining phylogenetic tree revealed that the strain CC-YHH650 T clustered tightly with the members of the genus Filimonas with high bootstrap support, irrespective of sharing significant 16S rRNA gene sequence similarities with the representatives of the genera Flavihumibacter and Chitinophaga as well (Fig. 1) . The phylogenetic position of the new strain was quite stable as evidenced through minimum-evolution and maximum-likelihood algorithms. Regardless of different evolutionary comparisons, similar topology was obtained in all phylogenetic trees, which indicated that novel strain CC-YHH650
T is most likely a Filimonas species.
DNA-DNA association was examined between strain CC-YHH650 T , F. lacunae DSM 21054 T , F. endophytica JCM 19844 T and F. zeae DSM 100760 T . DNA samples were loaded onto positively charged membranes as described by Seldin and Dubnau [15] . Chromosomal DNA of strains was used to construct hybridization probes by labelling with digoxigenin-11-dUTP (DIG). The experiment was carried out in triplicate for each sample. After considering the background value (unlabelled DNA), the mean density was calculated by using the UVP ViwionWork LS software (version 6.8 [16] for species distinction. Thus, the DNA-DNA relatedness value and the phylogenetic data supported the notion that strain CC-YHH650
T is a novel species of the genus Filimonas.
For analysis of DNA G+C content, DNA samples were prepared and degraded enzymatically into nucleosides as described by Mesbah et al. [17] . The nucleoside mixture obtained was then separated via HPLC using a Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a reverse-phase C18 column (Phenomenex Synergi 4 µm Fusion-RP80 250Â4.60 mm). The DNA G+C content of strain CC-YHH650
T was 46.6 mol%, which is in accordance with those of strains F. lacunae DSM 21054 T , F. endophytica JCM 19844
T and F. zeae DSM 100760 T , but slightly different from that of strain F. aurantiibacter NRRL B-65305 T (38.3 mol%, obtained in this study). Isoprenoid quinones were purified by the methods according to Minnikin et al. [18] and analysed by HPLC as described by Collins [19] . The predominant respiratory quinone was menaquinone-7 (MK-7).
Cell morphology was observed by transmission electron microscopy (JEOL JEM-1400) staining with 0.2 % uranyl acetate, as well as by light microscopy (model A3000; Zeiss). Gliding motility was assessed by direct microscopic examination [20, 21] . Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) oxidase reagent (bioM erieux). Flexirubin-type pigments were investigated by using the bathochromatic shift test with 20 % (w/ v) KOH solution [20, 21] . Growth of the strain CC-YHH650 T was tested on NA (HiMedia), tryptic soy agar (TSA; Difco) and R2A agar (Oxoid). Gram-staining was performed as described by Murray et al. [22] . Anaerobic growth was tested on nutrient agar supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (Coy) filled with H 2 :CO 2 :N 2 (5 : 19 : 76) gas. Hydrolysis of casein, starch and Tween 20, 40, 60 and 80 (1 %, v/v) was determined as previously described [23] [24] [25] . H 2 S production was checked in broth containing 3 g l À1 Na 2 S 2 O 3 and 0.1 g l À1 cysteine [26] . DNase activity was tested using DNase agar (HiMedia), with DNase activity detected by flooding plates with 1 M HCl [19] .
Growth at a range of temperatures was investigated in NB (HiMedia) at 4, 15, 20, 25, 30, 37 and 40 C with a 48 h incubation period. The requirement for NaCl was determined using nutrient broth medium containing 0-10 % NaCl 
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Azospirillum formosense CC-Nfb-7 T (GU256444) Phylogenetic analysis of the new species F. aquilariae and the remaining species of genus Filimonas. Calculation of distances and clustering were performed by using the neighbour-joining method with the software package MEGA6. Open circles indicate that the corresponding nodes were recovered in the tree reconstructed based on the maximum-likelihood algorithm, while filled circles indicate that the corresponding nodes were also recovered based on maximum-likelihood and maximum-parsimony algorithms. Bootstrap values (>50 %) based on 1000 replications are listed as percentages at the branching points.
biochemical properties according to the manufacturer's instructions. The detailed chemotaxonomic and phenotypic characteristics of strain CC-YHH650 T are given in the species description. Strain CC-YHH650
T showed several distinct physiological and biochemical characteristics; a comparison between strain CC-YHH650
T and other Filimonas species is given in Table 1 .
For the investigation of the chemotaxonomic characteristics, strain CC-YHH650
T and reference strains were harvested at a similar physiological age with similar growth kinetics. Fatty acid methyl esters (FAMEs) were extracted and analysed according to the standard protocol [28] of the Microbial Identification System (MIDI) [29] by a gas chromatograph (Agilent 7890A) fitted with a flame ionization detector (FID). For the extraction of FAMEs, strain CC-YHH650
T and reference strains were cultured simultaneously on NA for 48 h at 30 C. Grown culture was harvested from the plate and subjected to saponification, methylation and extraction [30] . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI system (Sherlock version 6.0). The major fatty acids (>5 %) in strain CC-YHH650
T were iso-C 15 : 0 (20.1 %), iso-C 15 : 1 G (15.0 %), C 16 : 0 3-OH (5.3 %), iso-C 17 : 0 3-OH (18.7 %) and C 16 : 1 !7c / C16 : 1 !6c (13.3 %) . The fatty acid profile of strain CC-YHH650
T was similar to T . +, Positive; À, negative; W, weak positive. Data for growth range and DNA G+C content were collected from the literature: a, Shiratori et al. (Table 2 ). In particular they shared the same primary fatty acids, iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and C 16 : 1 !7c/C 16 : 1 !6c. Strain CC-YHH650 T can be distinguished from other Filimonas species on the basis of minor variations (C 15 : 1 !5c, C 16 : 1 !5c, iso-C 13 : 0 ) in the fatty acid profiles. Nonetheless, the compositions of iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 were rather different from those reported by Albert et al. [2] . Polar lipids were extracted and analysed by two-dimensional TLC, and total lipid profiles were stained with 10 % ethanolic molybdatophosphoric acid; aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol; phospholipids were detected with Dittmer and Lester's Zinzadze reagent; glycolipids were detected with a-naphthol spray reagent [18] . The polar lipid profiles of strain CC-YHH650 T consist of phosphatidylethanolamine, an unidentified phospholipid, two unidentified aminophospholipids (APL1 and 2), three unidentified aminolipids (AL1-3) and three unidentified lipids (L1-3) (Fig. S1 , available in the online Supplementary Material). Except for AL2-3, APL2, PL and L3, all other polar lipids were detected in major amounts. When compared with F. lacunae DSM 21054 T (data described by Albert et al. [2] ), the polar lipid profiles of the two strains contained minor differences, especially the presence of the unidentified aminophospholipid APL2 and phospholipid PL2 in the profile of F. lacunae DSM 21054
T , which clearly distinguished this species from strain CC-YHH650 T . Polyamines were extracted as described by Scherer and Kneifel [31] , and analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm), and a reverse-phase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size). Strain CC-YHH650
T showed predominance of sym-homospermidine as polyamine.
In summary, although strain CC-YHH650 T shared high (97.5 %) 16S rRNA gene sequence similarity with F. lacunae DSM 21054
T , the level of DNA-DNA relatedness clearly indicated that these strains represent distinct genomic species. In addition, the genetic, phylogenetic, phenotypic and chemotaxonomic, characteristics presented here validated the taxonomic distinction of strain CC-YHH650
T at the species level not only from F. lacunae DSM 21054
T , but also from other closely related Filimonas species. Thus, strain CC-YHH650
T is considered to be a novel species of the genus Filimonas, for which the name Filimonas aquilariae sp. nov. is proposed.
DESCRIPTION OF FILIMONAS AQUILARIAE SP. NOV.
Filimonas aquilariae (a.qui.la¢ri.ae. N.L. gen. nov. aquilariae of Aquilaria, referring to the isolation of the type strain from the agarwood tree, Aquilaria sinensis). 
